I. T he G eneral T heory.
One of the general conclusions I arrived at in my paper on " Researches on the Spectra of Meteorites "f was as follows:-" Most of the variable stars which have been observed belong to those classes of bodies which I now suggest are uncondensed meteor-swarms, or condensed stars in which a central more or less solid condensed mass exists. In some of those having regular periods the variation would seem to be partly due to swarms of meteorites moving round a bright or dark body, the maximum light occurring at periastron."
And again in 1888,J referring to the former class, I added, " If the views I have put forward are true, the objects now under consideration are those in the heavens which are least condensed. In this point, then, they differ essentially from all true stai*s like the Sun. This fundamental difference of structure should be swarms of meteorites, the variability is produced by the revolution of one or more smaller swarms round the central swarm, the maximum luminosity occurring at periastron passages, when the revolving swarms are most involved in the central one. Fig. 1 illustrates this suggestion in the simplest case, where there is only one revolving swarm, as in Mira Ceti. The range of variability depends upon the eccentricity of the orbit and the periastron distance of the revolving swarm.
According to this theory, the normal condition is that which exists at minimum, and in this respect it resembles that suggested by Newton, namely, that the increase of luminosity at maximum was caused by the appulse of comets. All other theories take the maxi mum as the normal condition and the minimum as a reduction of the light by some cause, such as a large proportion of spotted surface or eclipses by dark bodies. In the variables of the Algol type, where the periods are very short, there can be no doubt, after the Henry Draper Memorial photographs, that the eclipse explanation is the true one. But in the variables of Group II, where the period is about a year and the luminosity at maximum in the generality of cases is about 250 times, though in others it runs up to 1600, that at minimum (corresponding to a difference of six magnitudes), it is obvious that the eclipse explanation no longer holds, on account of period, and also that the spotted surface explanation is inadmissable on account of range. If, however, the minimum be taken as the normal condition, and the effects of the revolution of such a swarm as I have assumed be considered, both length of period and range of variability can be explained. In this class of variables the rise to maximum is more rapid than the fall to minimum, and, according to my explanation, the sudden increase is due to the first collision between the two swarms, while the fall to minimum represents the gradual toning down of the disturbance.
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Tests of the Theory.
In the Bakerian Lecture (p. 84) I showed how this explanation of variability bore four distinct tests. The first test was that Group II should be more subject to variability than any other group ; and I showed that 1 out of every 7 stars of Group II are variable, whilst only 1 in 659 of the stars included in Argelander's catalogue are variable. The other tests were :-(2) when the swarm is least con densed, we shall have the least results from collisions ; (3) wdien it is fairly condensed, the effect at periastron passage (if we take the simplest case, where there is only a single revolving swann) will be greatest of a ll; (4) in the most condensed swarms there will be little or no variability, because the outliers of the central swarm may be drawn entirely within the orbit of the secondary body. I gave tables to show that these tests were satisfied by all the variables included in Duner's catalogue of red stars.* In the tables which follow, it will be seen that by far the greater number of variables in the group under discussion fall in species 0 and 10, which may fairly be taken to represent the mean condensation, there being in all 15 species. There can, therefore, be no doubt that the three tests just referred to are fully satisfied.
In this paper I propose to further test my theory by the colour observations of Chandler and by the question of irregularity, con fining myself to stars known to belong to Group II of which Chandler gives the degree of redness. The stars selected for discussion are the I li a variables from Gore's revised catalogue.
II. D et a ils op V a r iables of G roup II.
The following tables contain all the particulars of stars with periods varying from 50 to 500 days. Gore's, Chandler's, and Duner's star numbers are given as well as the star's name. The magnitudes of the variable at maximum and minimum, and also the period, have been taken from Gore.
Colour Notation.
On Chandler's colour scale 0 corresponds to pure white, 1 to white very slightly tinged with yellow, 2 and 3 to deeper yellow tinges, 4 to orange, 5, 6, 7, 8 and 9 to gradually deepening reds, and finally 10 corresponds to the deepest red stars known, such as R Leporis.
The colour notation employed by Duner is as follows :- In the Bakerian Lecture for 1888 I gave a series of tables in which the stars of Group II were classed in different species according to their spectra. I have accordingly given with each variable the number expressing the species to which it belongs. In some cases, the details have not been sufficient to assign the star to a definite species, but have been enough to determine whether it was near the first (Species 1) or the last (Species 15). In such cases, the words " early " or " la te " are appended. Where the species of a star is doubtful, the word " indeterminate " expresses that fact.
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Mr. Chandler's Observations.
In the tables given the particulars relating to period and range of variability are taken from Gore, and Chandler's colour-numbers are placed in a separate column.
Mr. Chandler has shown* that there is an intimate connexion between the length of period of a variable star and its colour. In general, the longer the period the redder the tint. If the period is between 500 and 600 days, the mean redness on his scale is about 7-5 ; for periods of about 300 days, it is about 3; and for shorter periods it is 1 or 2. This is exactly what would happen if my theory were true.
In order to investigate the cause of this relation it is necessary that I should refer to Chandler's work in connexion with my previous classification of the 297 bodies of Group II spectroscopically observed by Duner.
The Relation of Colour to the Degree of Condensation
Swarms of Group II.
In the Bakerian Lecture I provisionally divided the bodies of Group II into fifteen species, the first being the least and the last the most condensed swarms. If then the degree of condensation of a swarm has any relation to colour, the work of Chandler on the colours of variable stars, taken in conjunction with this classification, ought to enable us to determine the nature of such relation.
In order to determine Chandler's colour-numbers corresponding to these, tables were prepared comparing Duner's colours of the variable stars of the group with the colours assigned by Chandler to the same stars. Two stars which Duner gives as Rrrj occur in Chandler's list, the colours being 6'9 and 8T respectively, or a mean of 7'5.
The colour-number corresponding to Rrrj has therefore been taken as 7'5. Similarly, there are ten Rrj stars in Duner's list for which the mean colour-number assigned by Chandler is 5-9, and so on.
Duner's Colour -Rrrj.
No. (Duner).
Colour (Chandler). 
4-2 31 2-4
1-8 2-85 2-9 3-6 2-9 3-9 5 0 2-7 2-5 2-4 2-5 27
The remaining stars observed by Duner are not included in the classification at present, owing to insufficient details.
The result of this comparison of Duner's and Chandler's observa tions, taken in conjunction with my classification in species of the bodies of Group II, goes to show that the swarms with a mean con densation are the reddest. For, although the results are not quite so uniform as might be desired, there is a decided maximum of redness in species 9 and 10, which may fairly be taken as the swarms with mean spacing. The greatest discrepancy is in Species 1, but here the result depends upon the observations of one star, and even that is not definitely known to belong to Species 1. (See " Bakerian Lecture," p. 65.)
It may be objected that the foregoing series of numbers is not sufficiently regular for any trustworthy conclusions to be arrived at. But the very decided maximum in Species 10 is of itself sufficient evidence that the irregularities on both sides of it are due to the difficulties of observation. I have gone over Duner's observations of the spectra and colours of the bodies of Group II without reference to my temperature classification, and the result shows that where the spectra are described as identical, the colours sometimes differ con siderably. The table on page 419 shows that this is the case. The numbers in the vertical columns indicate the numbers of stars of any particular colour associated with a particular spectrum. Thus, amongst the stars with a spectrum containing the band 1-10 uniformly developed, 3 have the colour Rrj, and 5 are Rj.
It will be seen, therefore, that, even if my classification into species be not accepted, the relation between colour and spectrum in the present state of our knowledge is not absolutely definite.
[This is probably to a great extent due to the variability of the stars of the group. All of them may be more or less variable, and it may often have happened that the colour of a star has been recorded at one time and its spectrum at another, when the colour was slightly different. Some of the slight variations observed may also be due to variation in the atmospheric absorption.-November 1, 1889.]
On reference to the tables of variables which I give in this paper it will be seen also that the relation between colour and period observed by Chandler is only a general one.
' We may, therefore, for the present regard the swarms with mean spacing as the reddest. The sparsest swarms vary from blue to greenish-white, so that the redness will gradually deepen in passing from these to the mean swarms. Again, in passing from the mean swarms to the most condensed ones, the redness must gradually dis appear, for we know that the stars of Group III are yellow or white.
The following represents the colour-condition of stars of Group II both more and less condensed than the mean swarms. , 2 and 3  strong ....................................................................... wide and dark, red strongest................. 1-9 wide and d a r k ................................................... Group I I . . preddish-yellow, | yellowish-red, <( i*ed, yellowish-red, reddish-yellow.
Hence no definite conclusion as to temperature of Group II stars can be arrived at by colour observations alone, since stars cooler than the mean, as well as hotter, give the same colour.
The Cause of the Relation between Colour and Period.
On reference to the tables of variables, it will be seen that there are none less condensed than Species 7. This means that the .sparsest swarms either exhibit no variability at all, or their variability is of such a character as to escape notice. The reason for this is not far to seek.. Firstly, if there be any revolving swarms with small orbits, they will never be entirely out of the central swarm, and their effect will simply be to produce a general increase of brightness of the swarm.
Only revolving swarms with large orbits will therefore be effective in producing variability, but even these will only cause variability of short range, since the number of collisions at periastron passage will be small, the swarm being sparse. In the sparsest swarms, therefore, the variability will be of a long period and the range will be small. These are no doubt the causes of the variability having been over looked.
When we pass to the mean swarms, however, the variability becomes more strongly marked. Cometic swarms of short period, if they exist at all, will still only produce a general brightening of the ' central swarm, and the swarms most effective in producing variability will therefore be those with moderately long periods. The range of variability will depend upon the eccentricity of orbit and the periastron distance of the revolving swarm, as in the general case.
As the central swarm becomes more and more condensed, and therefore gradually loses its redness, only shorter period swarms will be effective in producing variability, as the outliers will have been drawn entirely within the orbits of longer period swarms, if they exist at all.
Still further condensation of the central swarm will draw the outliers within the orbits of the revolving swarms, which would produce variability in the swarms last considered, and now only very short period swarms are concerned. At the same time the colour will have become yellow or yellowish-white, the swarm having passed from Group II to Group III.
It will be seen that my theory perfectly explains the general relation of period to colour which has been observed by Chandler and previously by Schmidt,* and in fact demands it.
The range of variability does not appear to bear any relation to the periodicity (except perhaps in the sparsest swarms), and this is only what we should expect, as the conditions on which the range depends (periastron distance, and eccentricity of orbit of revolving swarm) are special to each star. Cometic swarms in our own system follow no general rule as regards the eccentricities of their orbits, or their perihelion distances. The next test is that of irregularity. The apparent irregularities in the variability of stars in the group under discussion are, on my theory, produced by the revolution of several swarms of meteorites at different rates and different distances round the central one. The swarms most subject to irregularity should, therefore, on this view% be those which are most likely to suffer from the effects of the greatest number of revolving swarms. These will not be the sparsest swarms, for the reason that the short period swarms will only produce a general brightening, as already pointed out, leaving the long period swarms predominant. Neither will they be the most condensed, because most of the cometic swarms will sweep clear of the central swarm at periastron passage. They must, therefore, occur in the swai'ms of mean condensation, if anywhere at all, though mean swarms need not necessarily exhibit irregular variability. The facts observed show that out of the five irregular variables of Group II, three have colours indicating a mean condensation, while two appear to be a little further condensed. The spectroscopic observations confirm the conclusion that irregu larity mostly occurs in mean swarms; it will be seen that with the exception of a. Orion is, which is only very slightly variable, the species to which the irregular variables belong are 7-10, indicating mean condensation.
V . B right H ydrogen in V ariable S tars of G roup II. I have already pointed out* that in the class of variable stars under consideration the bright lines of hydrogen might be expected to make their appearance at maximum. For since the bodies of Group II are very much akin to nebulae, an increase of temperature such as occurs at maximum should be accompanied by the appearance of bright hydrogen, because a greater quantity of incandescent gas would then occupy the interspaces.
Under normal conditions there are neither bright nor dark hydrogen lines in the spectra of bodies of Group II, the simple and sufficient explanation being that the bright lines from the interspaces balance the dark lines from the meteoritic nuclei. " Anything which in this condition of light-equilibrium will increase the amount of incan-* Bakerian Lecture, 1888, p. 83. descent gas and vapour in the interspaces will bring about the appearance of the hydrogen lines as bright ones. The thing above all things most capable of doing this in a most transcendental fashion is the invasion of one part of the swarm by another moving with a high velocity. This is exactly what I postulate. The wonderful thing under these circumstances then would be that bright hydrogen should not add itself to the bright carbon, not only in bright line stars, but in those the spectra of which consist of mixed flutings, bright carbon representing the radiation."* That the bright lines of hydrogen do make their appearance at maximum, in some of the stars at all events, is placed beyond doubt by the recent observations of Mr. Espin at Wolsingham.
On August 13, 1883, Mr. Espinf noted " a very bright line, appa rently E," in the spectrum of It Cygni, the maximum of the star occurring on July 19th.
The spectrum of o Ceti was also observed by Mr. Espinf on October 23rd and 30th, 1888, the maximum of the star occurring on September 28th. Duner's bands from 1 to 10 were seen, and the observer noted that on October 30th, when the star had faded con siderably, bands 8, 9, and 10 seemed to be broken into two, but he was doubtful'whether these interferences were due to bright lines or not. A brilliant line was observed in the violet, which was thought to be h (hydrogen). It is very probable also that bright E was present on this date and caused the second maximum in baud No. 9.
Bright lines of hydrogen and other substances were photographed in the spectrum of Mira by Professor Pickering in November, 1886, the maximum occurring on November 14th.
Mr. Maunder f observed bright hydrogen (G) in the spectrum of Mira on October 5th, 1888, but on December 1st it was not recorded.
Mr. Espin has also announced in a recent circular (April 2nd, 1889) that there are bright lines in the spectra of R Leonis and R Hydrae. He states that " the spectra of R Leonis and R Hydrae contain bright (hydrogen ?) lines, first seen on February 25th. Observations confirmed, through the kindness of Mr. Common, by Mr. Taylor, at Ealing, who sees two in R Leonis and one in R Hydras." Both these stars were near their maxima at the time of observation, that of R Leonis occurring on March 23rd, and that of R Hydrae on February 17th.
[Another circular (October 3, 1889) states that Bright lines were seen in the spectrum of R Andromedae on September 25th, the E line being very bright." The maximum occurred on July 25th.-November 1, 1889.] 
